ABSTRACT: Purpose. To compare the sensitivity of 11 preschool vision screening tests administered by licensed eye care professionals for the detection of the 4 Vision in Preschoolers (VIP)-targeted vision disorders when specificity is 94%. Methods. This study consisted of a sample (n ‫؍‬ 2588) of 3-to 5-year-old children enrolled in Head Start programs, 57% of whom had failed an initial Head Start vision screening. Screening results from 11 tests were compared with results from a standardized comprehensive eye examination that was used to classify children with respect to the four VIP-targeted vision disorders: amblyopia, strabismus, significant refractive error, and unexplained reduced visual acuity (VA). With overall specificity set to 94%, we calculated the sensitivity for the detection of each targeted vision disorder. Results. With the overall specificity set to 94%, the most accurate tests for detection of amblyopia were noncycloplegic retinoscopy (NCR) (88% sensitivity), the SureSight Vision Screener (80%), and the Retinomax Autorefractor (78%). For detection of strabismus, the most accurate tests were the MTI Photoscreener (65%), the cover-uncover test (60%), the Stereo Smile II stereoacuity test (58%), the SureSight Vision Screener (54%), and the Retinomax Autorefractor (54% in year 1, 53% in year 2). The most accurate tests for detection of significant refractive error were NCR (74%), the Retinomax Autorefractor (66%), the SureSight Vision Screener (63%), and the Lea Symbols VA test (58%). For detection of reduced VA, the most accurate tests were the Lea Symbols Distance VA test (48%), the Retinomax Autorefractor (39%), and NCR (38%). Conclusions. Similar to the previously reported results at 90% specificity, the screening tests vary widely in sensitivity with specificity set at 94%. The rankings of the sensitivities for detection of the 4 VIP-targeted vision disorders are similar to those with specificity set to 90%. (Optom Vis Sci 2005;82:432-438)
T he Vision in Preschoolers (VIP) study is a multicenter clinical study designed to evaluate commonly used and/or commercially available preschool vision screening tests. The study is designed in three phases. The goal of phase I was to evaluate the performance of 11 preschool vision screening tests administered by licensed eye care professionals (LEPs; optometrists and ophthalmologists) experienced in working with children. Tests were evaluated for their ability to detect accurately the 4 VIPtargeted conditions: amblyopia, strabismus, significant refractive error, and unexplained reduced visual acuity (VA). In addition, the screening tests were evaluated for their ability to detect conditions categorized into three hierarchical groups by severity of condition. 1 Group 1 conditions are considered very important to detect and treat early. Group 2 conditions are considered very important to detect early (but with less urgency than group 1). Group 3 conditions are considered less urgent, but nonetheless are clinically useful to detect. All screening tests in phase I were administered to a selected population of preschool-aged children in a controlled environment. Phase II activities will evaluate test performance when tests are administered by pediatric nurses and lay screeners to a selected population of preschool-aged children in a more realworld screening environment. Finally, the goal of phase III will be to evaluate screening tests administered by real-world screening personnel to a nonselected population of preschool-aged children in realistic screening environments.
The initial results from the comparison of the performance of screening tests from phase I of the VIP study have been recently published. 1 With specificity set at 90%, the sensitivity for detecting children with Ն1 targeted conditions, with conditions categorized into three levels of severity (groups 1, 2, and 3), and with each of the four targeted conditions was reported. The sensitivity with specificity set to 94% for detecting children with Ն1 targeted conditions and hierarchical group 1 conditions was also reported, but not for each of the four targeted conditions as a result of space constraints. Specificity levels higher than 90% are advocated by proponents of preschool vision screening programs in which the expense of confirmatory examinations is very high like in rural or remote areas. 2 Furthermore, given the current widespread use of photoscreeners, the sensitivity of the other tests for detecting each VIP-targeted disorder when specificity is the same (94%) as that of the photoscreeners is important in fully evaluating the performance of the photoscreeners. Therefore, it is of interest to know the sensitivity of these 11 vision tests for detecting each of the four VIP-targeted conditions when the specificity is set to 94%, and particularly whether the ranking of sensitivity stays the same as when the specificity was set to 90%. To provide an additional basis for selection of appropriate screening tests, this article investigates the sensitivity of the 11 vision screening tests for the detection of each targeted condition with specificity set to 94%.
METHODS
Details of the VIP study design and 11 screening tests administered in years 1 and 2 of VIP phase I have been published elsewhere 1 and are briefly described here. Participants were children enrolled in Head Start programs collaborating with one of the five VIP Clinical Centers (Berkeley, California; Boston, Massachusetts; Columbus, Ohio; Philadelphia, Pennsylvania; and Tahlequah, Oklahoma). The number of children in the study population with vision problems was augmented by recruiting all the children who had failed and a random sample of children who had passed a regular Head Start vision screening.
All children were 3, 4, or 5 years old when screened. VIPcertified licensed eye care professionals experienced in working with children administered 11 commonly used or commercially available screening tests, including two VA tests, two stereoacuity tests, the cover-uncover test, three tests of refractive error, and three photoscreeners. They are briefly described as follows:
Visual Acuity Tests: Crowded, linear Lea Symbols and crowded, linear HOTV VA tests were each conducted at a 3-meter test distance. Stereoacuity Tests: The Random Dot E (RDE) stereoacuity test was conducted at up to three distances (0.5, 1.0, and 1.5 m). The Stereo Smile II stereoacuity test was conducted at 40 cm.
Cover-Uncover Test:
The cover-uncover test was conducted at both distance (3 m) and near (40 cm). Refractive Error Tests: Retinoscopy (NCR), the Retinomax Autorefractor, and SureSight Vision Screener were conducted on each eye without cycloplegia. Photoscreeners: The iScreen Photoscreener was conducted at ‫86ف‬ cm with a binocular color image captured digitally for electronic transmission to the iScreen scoring center in Memphis for independent analysis. The MTI Photoscreener was conducted at 1 m with binocular black and white instant photos captured and sent to the Vanderbilt Ocular Imaging Center (VOIC) for independent analysis. The Power Refractor II video/photorefraction was conducted at ‫1ف‬ m. The binocular color image was captured and analyzed by the computer system, which generated a report of refractive error magnitude (sphere, cylinder, axis) and eye alignment status (degree of deviation) used to categorize each child's screening status. Results from monocular threshold VA testing, cover testing, and cycloplegic refraction performed during a comprehensive gold standard eye examination were used to classify children with respect to the 4 VIP-targeted conditions: amblyopia, strabismus, significant refractive error, and unexplained reduced VA. The definitions of the hierarchy of four conditions are provided in Table 1 . Children with more than one of the targeted conditions were included in only the one group that corresponded to the most severe condition. For each screening test, the failure criteria were selected to maximize the overall sensitivity for detecting Ն1 of the four targeted conditions with specificity set to 94%. Children were considered as failing a screening test if they met the failure criteria for one or both eyes. Using these failure criteria, the sensitivities and their 95% confidence intervals (95% CI) for detecting each of the four targeted conditions, Ն1 targeted conditions, and the most severe (group 1) conditions were calculated. Pairwise comparisons of sensitivity at 94% specificity between screening tests from the same year were made using the McNemar chi-squared test for correlated data and using a modification of the Mantel-Haenszel procedure when children completed only one of the two screening tests. 3 Comparison of sensitivity among screening tests from different years were made using the chi-squared test of independence. Because a large number of pairwise comparisons were made between screening tests, comparisons with p value of 0.0008 (0.05/66) are considered to be statistically significant by using the conservative Bonferroni approach.
RESULTS
In years 1 and 2 of the VIP phase I, 2211 children who failed the regular Head Start vision screening and 1772 children who passed the screening were selected for enrollment. Of these, 2780 completed the VIP vision screening, 2666 children underwent gold standard examinations (GSE), and 2588 of these 2666 children completed the GSE to allow the child to be classified as having normal vision or one of the four targeted visual conditions. The frequency distribution of VIP-targeted vision disorders for year 1 and 2 is shown in Table 2 . The failure criteria when specificity was set at 94% are summarized in Table 3 for the tests of VA and stereoacuity and in Table 4 for the tests involving refractive error. However, 94% specificity could not be obtained with the coveruncover test, HOTV VA, and RDE Stereoacuity tests. The chosen failure criteria for these tests provided the specificities that were the closest to 94%. The failure criterion (refixation with removal of occluder paddle) for the cover-uncover (98% specificity) provides only one set of values for sensitivity and specificity. There are a limited number of failure criteria for the HOTV VA test (93% specificity); therefore, only a limited number of specificity values can be attained. Because of the relatively high percentage of children who could not perform the nonstereo-matching task in the RDE test, no specificity value above 92% could be attained.
The rankings and corresponding sensitivities (and their 95% CIs) of the tests for the detection of each targeted condition are shown in Table 5 . For comparison, the rankings for detection of any condition and group 1 conditions are shown in Table 6 . With the specificity set to 94%, the most accurate tests for detection of amblyopia were NCR (88%), the SureSight Vision Screener VIP Vision Screening Sensitivity-The Vision In Preschoolers Study (VIP) Group 433 (80%), and the Retinomax Autorefractor (78% in year 1, 77% in year 2). The remaining tests had sensitivities ranging from 65% (Lea Symbols VA) down to 27 to 28% (RDE and cover-uncover test). For detection of strabismus, the most accurate tests were the MTI Photoscreener (65%), the cover-uncover test (60%), the Stereo Smile II test (58%), the SureSight Vision Screener (54%), and the Retinomax Autorefractor (54% in year 1, 53% in year 2). The Power Refractor II (34%) and RDE (29%) had the lowest sensitivity for the detection of strabismus, whereas other screening tests ranged in sensitivity between 44% and 50%. The most accurate tests for detection of significant refractive error were NCR (74%), Retinomax Autorefractor (66% in year 1, 63% in year 2), SureSight Vision Screener (63%), and Lea Symbols VA (58%). For detection of reduced VA, all the screening tests had sensitivities below 50%, with the most accurate tests being Lea Symbols VA (48%), Retinomax Autorefractor (39% in year 1, 36% in year 2), NCR (38%), HOTV VA (36%), and the SureSight Vision Screener (35%). NCR, the Retinomax Autorefractor, the SureSight Vision Screener, and Lea Symbols VA were best for detection of both any condition and group 1 conditions.
The p values from pairwise comparison of sensitivities (at 94% specificity) of 11 tests for the detection of each targeted condition 
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are not shown. Although p values are dependent on the number of children with each targeted condition and the correlation between screening tests, generally speaking, a 0.25 difference in sensitivity in detecting amblyopia, 0.30 difference in detecting strabismus, 0.15 difference in detecting significant refractive error, and 0.20 difference in detecting reduced VA can be considered to be statistically significant after adjustment for multiple comparisons.
DISCUSSION
Because the refractive error screening tests have multidimensional failure criteria (amount of hyperopia, myopia, astigmatism, and anisometropia), the screening tests cannot be assessed using standard receiver operator characteristic (ROC) curves. The comparison of sensitivities between tests with specificity set at 90% has been previously reported in the initial report of the VIP study. 1 Because an equitable comparison of sensitivities between tests requires tests to be set at a common specificity, the specificity of 94% was chosen in this report to allow comparison of test performance with two of the screening tests (iScreen and MTI photoscreeners) that have established failure criteria, which achieved a specificity of 94% (a specificity remarkably similar to that independently established and published by Donahue et al. for use in vision screening). 4 This article investigates the tests' sensitivities for the detection of four VIP-targeted conditions at 94% specificity. For three tests that could not achieve 94% specificity, specificity was set as close as possible to 94% (cover-uncover test [98%], HOTV VA [93%], and RDE Stereoacuity [92%]).
Similar to 90% specificity, the failure criteria at 94% specificity for VA and stereoacuity tests are age-dependent. 1 Although 19.7% of the total population was 3 years old at the time of the VIP screening, only 1.4% of the population was between 36 and 41 mo; therefore, it is possible that the skewed distribution (toward older 3 years olds) of 3 year olds in this study population may have influenced the failure criteria and perhaps sensitivity for 3 year olds in this study. It has been reported that a difference in testability and perhaps sensitivity exists between younger and older 3 year olds. 5 When compared with the sensitivities with specificity set to 90%, the sensitivities for detecting each of the four targeted conditions generally drop for each screening test when the specificity for all tests is set to 94%. However, the tests with the best performance in detecting the four targeted conditions are largely the same as those found with a specificity of 90%. At 94% specificity, the best tests for the detection of amblyopia, significant refractive error, any condition, and group 1 conditions were NCR, the two autorefractors (Retinomax and SureSight Vision Screener), and Lea Symbols VA. The same tests plus HOTV VA performed best for the detection of unexplained reduced VA, although all the screening tests had sensitivities below 50% for the detection of reduced VA. This supports the results presented in the previous report, 1 which showed that the tests with the best sensitivities for detecting group 1 conditions were similar regardless of whether specificity was set at 90% or 94%.
Identification of the best tests for the detection of strabismus is limited by the relatively low number of children with strabismus (48 in year 1 and 62 in year 2). With specificity set at 94%, there are no statistically significant differences in sensitivity among the tests except that the Power Refractor II and RDE performed significantly worse than the MTI. Of note, increasing the specificity from 90% to 94% decreased the sensitivity of the RDE test from 60% to 29%. Because a high percentage of children without any targeted conditions were unable to successfully complete the pretest (identifying the nonstereo E), 1 the failure criterion had to be set to failing the nonstereo pretest for 3 and 4 year olds to attain close to 94% specificity for the entire group. Thus, children could "pass" the RDE test by merely being able to do the nonstereomatching task, thereby precluding the detection of eye misalignment through detection of low stereoacuity. Not surprisingly, the sensitivity of the RDE test was very low for detecting strabismus at 94% specificity.
Because the difficulty demonstrated by 3 and 4 year olds in responding to the RDE may have contributed to the poor performance of the RDE test, we also analyzed the data for 5 year olds All values are n (%). The percentages do not sum to 100% because each child can have more than one vision disorder. 240 arc sec card * Failure criteria were chosen to maximize overall sensitivity for detecting any targeted condition when specificity was set to 0.94. § 0.94 specificity cannot be reached for HOTV VA and Random Dot E, because their measurement is discrete. The failure criteria providing specificity closest to 0.94 were chosen for HOTV VA (0.93 specificity) and for Random Dot E (0.92 specificity).
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only. When the failure criterion was inability to pass the stereo card at 50 cm, the specificity was 95%, the sensitivity was 32% for detecting Ն1 targeted conditions, 49% for group 1 conditions, 52% for amblyopia, 65% for strabismus, 34% for refractive error, and 30% for reduced VA. Thus, even for the older children, the RDE test still had relatively low sensitivity for detecting children with any targeted condition or with a group 1 condition. However, the sensitivity for detecting children with strabismus was comparable to the best of the other screening tests.
Although it is not surprising that the test that performs best for the detection of a specific targeted disorder may not perform best for other targeted conditions, it is interesting to note that the MTI Photoscreener, the cover-uncover test, and the Stereo Smile II test are among the best tests for the detection of strabismus but are not among the best tests to detect Ն1 targeted conditions or group 1 conditions (NCR, Retinomax Autorefractor, SureSight Vision Screener, and Lea Symbols VA). Furthermore, the best tests to detect Ն1 targeted conditions or group 1 conditions are also the best tests for detecting amblyopia, significant refractive error, and reduced VA. This can be attributed to the relatively low number of children with strabismus and the fact that both strabismus and strabismic amblyopia are frequently associated with significant refractive error. 1, 6, 7 As reported in the initial results of VIP study-phase I, 1 the performance of screening tests varies widely in detecting the four targeted disorders. Overall, the best tests for the detection of amblyopia, significant refractive error, any condition, or group 1 conditions were NCR, the two autorefractors (Retinomax and SureSight Vision Screener), and Lea Symbols VA, the same four tests that performed best with specificity set at 90%. The maximum of inter-eye differences in the power of the most positive meridian, the most negative meridian, and the magnitude of cylinder was used to determine presence of anisometropia for all tests. ** Used in child mode, which adds a correction for accommodation. * The screening tests with tied sensitivities are listed alphabetically. A 0.25 difference in sensitivity in detecting amblyopia, 0.30 difference in detecting strabismus, 0.15 difference in detecting significant refractive error, and 0.20 difference in detecting reduced VA can be considered to be statistically significant. § 94% specificity cannot be achieved for HOTV VA, Random Dot E, and cover-uncover test. The current sensitivity comparisons were based on 93% specificity for HOTV VA, 92% specificity for Random Dot E, and 98% specificity for cover-uncover test. Their sensitivities for cover-uncover test, iScreen and MTI photoscreeners have been previously reported. The screening tests with tied sensitivities are listed alphabetically. § 94% specificity cannot be reached for HOTV VA, Random Dot E, and cover-uncover test. The current sensitivity comparisons were based on 93% specificity for HOTV VA, 92% specificity for Random Dot E, and 98% specificity for cover-uncover test.
* Conditions very important to detect and treat early.
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